Introduction
============

The purpose of glaucoma treatment is to maintain the patient's visual function and related quality of life. The quality of life is decreased in patients with bilateral advanced glaucoma but can be considerably affected by the side effects of treatment. Patients with glaucoma on long-term topical treatment have higher prevalence of signs and symptoms of dry eye.[@b1-opth-9-625],[@b2-opth-9-625]

Topical treatment is associated with side effects caused not only by the active substances but also by the preservatives and excipients.[@b3-opth-9-625],[@b4-opth-9-625] Benzalkonium chloride (BAK), the most commonly used preservative, has cytotoxic and proinflammatory effects on the ocular surface and induces squamous metaplasia of conjunctival epithelium, as well as a decrease in the number of goblet cells.[@b5-opth-9-625]--[@b8-opth-9-625] Also, the recently introduced preservative polyquaternium-1 (PQ) has been shown to increase cell death and the level of proinflammatory cytokines in human corneal epithelial cell culture.[@b9-opth-9-625]

Clinical studies have shown that patients receiving greater number of preserved eye drops for a longer time had more severe signs and symptoms of ocular surface disease (OSD).[@b1-opth-9-625],[@b10-opth-9-625]--[@b12-opth-9-625] Exposure to more than three drops daily of BAK-preserved medication was an independent predictor of higher Ocular Surface Disease Index (OSDI) score.[@b11-opth-9-625]

Glaucoma patients have different tolerance to topical medication and in those with coexistent dry eye, instillation of preserved drops may deteriorate signs and symptoms of OSD and further decrease the quality of life. Additionally, side effects of treatment and intolerance to drops may reduce adherence to the prescribed treatment regimen and contribute to the progression of disease.

The aim of our study was to evaluate clinical signs of OSD using Schirmer test, tear film breakup time (TBUT), fluorescein staining, and cytological changes of conjunctival epithelial cells, as well as by subjective perception of symptoms using OSDI in glaucoma patients with topical treatment.

Methods
=======

Study design and participants
-----------------------------

This was a cross-sectional, case-comparison study that included glaucoma patients treated with preserved topical glaucoma medications and control subjects without any topical medications.

Glaucoma patients were recruited from a tertiary referral glaucoma clinic at the Department of Ophthalmology of the University Medical Centre, Ljubljana, Slovenia. Inclusion criteria were patients who had been taking one or more topical antiglaucoma drops for at least 6 months. Exclusion criteria were as follows: presence of active ocular inflammation or allergy, eyelid changes, ocular trauma, symptoms and any treatment of prior dry eye (ie, punctal plugs, topical corticosteroids), previous glaucoma surgery and any refractive surgery \<12 months prior to enrollment, contact lens wearers, systemic diseases, and systemic medications inducing dry eye.

The control group included patients with ocular hypertension and relatives of glaucoma patients who were not receiving topical antiglaucoma medications, with the same before-mentioned exclusion criteria. The study adhered to the tenets of the Declaration of Helsinki and was approved by the National Medical Ethics Committee.

Procedure
---------

Patients who met the inclusion/exclusion criteria completed the OSDI questionnaire. Clinical examination included dry eye diagnostic tests: TBUT, evaluation of conjunctival and corneal fluorescein staining, Schirmer-1 test, followed by impression cytology.

OSDI questionnaire
------------------

The OSDI is a 12-item, disease-specific quality-of-life questionnaire that is used to quantify the impact of dry eye on vision-related quality of life. It was reported to have good test--retest reliability and excellent validity, in addition to effectively discriminating among different stages of dry eye severity.[@b13-opth-9-625] The questionnaire includes three subscales: ocular discomfort (five items), ocular symptoms during daily activities (four items), and environmental triggers (three items). Patients are asked to recall the frequency of ocular symptoms in the previous week. The response to each item is scored from 0, indicating "none of the time," to 4, indicating "all of the time." Using individual item responses, the average score was transformed to a scale ranging from 0 to 100, with higher scores representing greater disabilities.

Dry eye diagnostic tests
------------------------

TBUT was measured after instillation of fluorescein with a moistened fluorescein strip (Haag-Streit AG, Köniz, Switzerland) with nonpreserved saline. The interval between the last blink and the appearance of dry spot was measured two times in succession, and the average of the two values was recorded.

The Oxford grading scheme was used to evaluate fluorescein staining of the ocular surface. Staining of ocular surface at slit lamp was compared to a series of panels with staining ranging from grade 0 (absent staining) to grade 5 (severe staining).[@b14-opth-9-625]

Schirmer-1 test was performed without anesthetics. Schirmer strips were inserted in the inferior fornix, and the patient closed their eyes. The results were read after 5 minutes.

Impression cytology of the ocular surface
-----------------------------------------

We used a 25 mm diameter nitrocellulose membrane filter (filter type 0.22 μm; GSWP, Merck Millipore, Billerica, MA, USA) cut in half and trimmed into strips of approximately 4×6 mm. After instillation of one to two drops of topical anesthetic (Alcaine; Alcon, Puurs, Belgium) and wiping away excessive tear fluid, the strip of filter paper was gently pressed on the conjunctiva with a glass rod. After 5--10 seconds, the filter paper was peeled off and the cells were transferred by imprinting onto poly-L-lysine-coated glass slides. Specimens were collected from the inferior and temporal bulbar conjunctiva of the selected study eye (right eye of controls and glaucoma-treated patients if both eyes were treated; if a patient administered medication to only one eye, that eye was considered the study eye). The slides were air-dried and stained with Giemsa stain. Specimens were analyzed by light microscopy using modified Nelson's grading scheme (grades 0--3) based on the appearance of epithelial cells and the density of goblet cells.[@b15-opth-9-625] Grades 0 and 1 are present in normal conjunctiva with nucleus-to-cytoplasm (n/c) ratio up to 1:3, whereas grades 2 and 3 are abnormal (n/c ratio greater than 1:4) and indicate squamous metaplastic changes seen in many inflammatory conditions (dry eye, use of antiglaucoma therapy, contact lens wearers). Grading was performed in a masked fashion, ie, the person (BC) performing analysis was unaware of the treatment status.

Data analysis
-------------

Statistical analyses were conducted using Statistical Package for Social Sciences (SPSS 2011, version 20, SPSS Inc, Chicago, IL, USA). Demographic variables, OSDI score, Schirmer test, TBUT, fluorescein staining grade, and impression cytology grade were compared between the control and glaucoma-treated groups. Normality of distribution for dependent variables was tested with the Shapiro--Wilk test. for normally distributed data, Student's *t*-test for independent samples was used. for nonparametric data, the Mann--Whitney *U*-test and the Kruskal--Wallis test were applied. Analysis of covariance with age as covariate was used to determine whether there were any statistical differences between the age-adjusted groups. The association between the number of eye drops per day and individual variables was described by the correlation coefficient (Spearman's rho). fisher's exact test was used to test for the association between categorical variables (treatment regimen, fluorescein staining grade, and impression cytology grade). All the statistical tests were two-sided, and a *P*-value \<0.05 was considered to be statistically significant.

Results
=======

All glaucoma-treated patients used preserved eye drops. Among the 68 patients, the preservative was BAK only in 58 patients, BAK and PQ in six patients, or BAK and benzododecinium bromide in four patients. Eleven patients instilled topical medication preserved with PQ only (data not shown in [Table 1](#t1-opth-9-625){ref-type="table"}).

Patients with antiglaucoma eye drops had shorter TBUT, an increase in fluorescein staining, and increased impression cytology grade versus the control group. The OSDI score was not different between the two groups ([Table 1](#t1-opth-9-625){ref-type="table"}).

The number of eye drops per day significantly correlated with the fluorescein staining grade (Spearman's rho =0.475; *P*\<0.001) and the TBUT (Spearman's rho =−0.278; *P*=0.014) ([Table 2](#t2-opth-9-625){ref-type="table"}).

Increasing number of eye drops instilled per day in the group of patients with topical therapy was associated with higher grade of fluorescein staining (*P*\<0.001) and a trend of shorter TBUT (*P*=0.08) ([Figure 1A and B](#f1-opth-9-625){ref-type="fig"}).

Impression cytology grade was not statistically significantly different among patients taking one, two, or three and more eye drops per day (*P*=0.144) ([Figure 1C](#f1-opth-9-625){ref-type="fig"}).

Discussion
==========

Our study showed that ocular surface damage in glaucoma patients is associated with preserved topical medications. There were statistically significant differences between the glaucoma-treated patients and control group in the clinical tests used to diagnose OSD. In this study, TBUT was significantly reduced in glaucoma patients with topical medications as compared to that in controls. Also, glaucoma patients on treatment had higher fluorescein staining and impression cytology grades than controls without topical medications. However, the Schirmer test and the OSDI score were not significantly different between glaucoma-treated patients and untreated controls.

In clinical practice, the diagnosis of dry eye is commonly based on the presence of symptoms of ocular irritation, Schirmer test, TBUT, and ocular surface staining by fluorescein. In glaucoma patients, tear dysfunction is mainly attributed to the chronic administration of preserved glaucoma medications. BAK is known to damage the ocular surface, reduce the density of epithelial and goblet cells, and alter the lipid layer. These changes result in an impaired tear film with excessive evaporation. There are different findings in symptoms and signs of dry eye between glaucoma-treated patients and controls in various studies. Similar to our results, Van Went et al[@b16-opth-9-625] also found that only TBUT and fluorescein staining grade were significantly altered in treated patients as compared to untreated control group, but there was no significant difference for Schirmer test and OSDI. Some studies[@b1-opth-9-625],[@b6-opth-9-625],[@b17-opth-9-625],[@b18-opth-9-625] reported significantly shorter TBUT and Schirmer test, whereas others[@b12-opth-9-625],[@b19-opth-9-625] did not find any significant changes in these two clinical tests in patients treated with BAK-preserved medications. A number of factors influence the reproducibility of these tests. These factors include natural fluctuations during the day, different populations, variations in measurement techniques and scoring, systemic medications, diseases affecting ocular surface, and environmental differences. Nichols et al[@b20-opth-9-625] evaluated the repeatability of dry eye diagnostic tests and found that the TBUT was more repeatable than the Schirmer test and improved when the two TBUT readings were averaged.

Corneal staining with fluorescein is widely used to assess the health of the ocular surface. Our results indicate that increasing number of predominantly BAK-preserved eye drops per day was associated with increased Oxford staining score, indicating chronic cell injury. Similar findings were reported by others, that more intensive BAK-preserved topical treatment caused superficial punctate keratitis, which was present in 50% of patients treated with three drops per day.[@b1-opth-9-625],[@b2-opth-9-625],[@b12-opth-9-625],[@b21-opth-9-625] Leung et al[@b2-opth-9-625] found that each additional BAK-containing eye drop per day was associated with an approximately two times higher odds of showing abnormal results on the lissamine green staining test. BAK, in a dose-dependent way, reduces cell proliferation and viability and decreases corneal epithelial tight junctions.[@b22-opth-9-625],[@b23-opth-9-625] The discontinuation of preserved medication significantly reversed signs and symptoms of dry eye and reduced the frequency of superficial punctate keratitis.[@b24-opth-9-625]--[@b26-opth-9-625]

We found higher impression cytology grade in patients using antiglaucoma medications as compared to untreated controls. No significant difference was found among the groups with one, two, or three and more eye drops per day and the duration of treatment ([Figure 1C](#f1-opth-9-625){ref-type="fig"}). Most of the impression cytology studies compared small groups of patients using different types of preserved eye drops versus controls and found a decrease in goblet cell density and an increase in impression cytology grades. However, the differences among the groups of patients using different eye drops for different lengths of time were not significant.[@b6-opth-9-625],[@b8-opth-9-625] Squamous cell metaplasia is a nonspecific response of conjunctiva to a variety of toxic inflammatory stimuli. In our study, the impression cytology grades did not differ between patients using BAK/BAK combined with PQ or benzododecinium bromide-preserved (68 patients) and those using PQ-preserved (11 patients) eye drops (Mann--Whitney *U*-test; *P*=0.091). There is a lack of data about conjunctival changes following preservative-free and non-BAK-preserved glaucoma medication. Mastropasqua et al[@b27-opth-9-625] evaluated only the goblet cell density in treatment-naïve eyes by impression cytology and laser scanning confocal microscopy and found an increase in conjunctival goblet cell density after preservative-free tafluprost treatment, versus patients using preserved latanoprost, and controls to the vehicle of latanoprost. Recently, a study[@b28-opth-9-625] compared ocular surface changes in newly diagnosed glaucoma patients using PQ-preserved or BAK-preserved travoprost. Both groups showed statistically significant increases in impression cytology grades at 1- and 6-month follow-up compared to baseline (no treatment) measurements. Interestingly, impression cytology grades were significantly higher for patients using PQ-preserved travoprost compared to the grades for patients using BAK-preserved travoprost.

Despite increased ocular surface changes demonstrated by clinical tests and impression cytology in glaucoma patients, there was no statistically and clinically significant difference in the OSDI score between glaucoma-treated patients and untreated controls. Using OSDI, Leung et al[@b2-opth-9-625] reported that 59% of patients had symptoms of dry eye. Although the number of preserved eye drops was positively correlated with the severity of ocular surface changes, the presence of symptoms did not correlate with the clinical tests. Another study[@b21-opth-9-625] found that 52% of glaucoma patients showed mild dry eye symptoms that correlated to signs only in patients with beta-blocker monotherapy. Similar to our findings, Ghosh et al[@b29-opth-9-625] found that the prevalence of ocular symptoms was not significantly different between treated glaucoma patients (30.7%) versus untreated controls (24.0%), and there was absence of significant correlation between signs and symptoms of OSD in either group. The OSDI questionnaire inquires about ocular symptoms in the previous week. However, there are natural fluctuations of symptoms during the day and patients reported increased dry eye symptoms during some activities, such as TV watching and driving in the evening rather than in the morning.[@b13-opth-9-625],[@b30-opth-9-625] Lack of correlation between signs and symptoms may be caused by decreased corneal sensitivity by BAK-preserved eye drops.[@b16-opth-9-625],[@b17-opth-9-625],[@b31-opth-9-625] In vivo confocal microscopy demonstrated a significantly lower density of subbasal corneal nerves in patients taking preserved glaucoma medications compared to both those on preservative--free medication and the control group.[@b17-opth-9-625] furthermore, the OSDI questionnaire has been validated in dry eye patient population only and there is a lack of evidence for OSDI to be a valid measure of OSD in glaucoma patients.[@b32-opth-9-625] Recently, Mathews et al[@b12-opth-9-625] found that OSDI was a poor metric to evaluate OSD in glaucoma because symptoms appeared to be related mainly to visual field loss.

The limitations of our study are its cross-sectional design and the relatively small number of subjects who were examined at different times of the day and year. The majority of patients (68/79 patients) were using BAK- or BAK/combination-preserved medications and only eleven patients were using PQ-preserved eye drops. This is a small number for a meaningful comparison to detect differences among different preservatives. However, such treatment regimen including several eye drops with different preservatives more closely resembles the clinical setting. further prospective study including newly diagnosed treatment-naïve glaucoma patients would be more appropriate. Because of decreased corneal sensitivity in patients using preserved antiglaucoma medications, symptoms may be mild or absent despite presence of OSD. Therefore, clinicians should rely more on dry eye diagnostic tests, such as evaluation of corneal fluorescein staining and TBUT, in diagnosing OSD. The correlation of ocular surface damage to the number of preserved eye drops per day should be kept in mind when deciding about alternatives to medical treatment, as well as when using the currently more frequently prescribed glaucoma generics. Generic drugs contain the same active compound but have different excipients that may affect both tolerability and ocular surface health. for the future, we need improved clinical methods for subjective and objective assessments and for monitoring of ocular surface changes in glaucoma patients.
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![(**A**) Tear film breakup time (TBUT), (**B**) fluorescein staining, and (**C**) impression cytology grade among glaucoma patients with one (n=39 patients), two (n=10 patients), and three or more (n=30 patients) eye drops instilled per day.\
**Notes:** The boundaries of each box indicate the first and third quartile, the bars 1.5 times the interquartile range, and the line within each box indicates the median. Open circles indicate outliers.](opth-9-625Fig1){#f1-opth-9-625}

###### 

Characteristics of glaucoma patients taking eye drops and control subjects without drops

                                                           Glaucoma group with eye drops (n=79)   Control group without eye drops (n=30)   *P*-value                                         *P*-value adjusted for age
  -------------------------------------------------------- -------------------------------------- ---------------------------------------- ------------------------------------------------- ----------------------------
  Mean age ± SD (years)                                    70.0± 11.7                             62.4±11.9                                0.003[a](#tfn2-opth-9-625){ref-type="table-fn"}   
  Female-to-male ratio                                     45:34                                  17:13                                    0.98[b](#tfn3-opth-9-625){ref-type="table-fn"}    
  **Antiglaucoma medications**                                                                                                                                                               
  Median number of drops (quartile range), n               2 (1--3)                               --                                       --                                                
  Median duration (quartile range), months                 60 (36--120)                           --                                       --                                                
  Median of OSDI (quartile range), score                   11.1 (5.0--22.5)                       9.2 (4.8--17.5)                          0.41                                              0.18
  Median of Schirmer test (quartile range), mm             10.0 (5.0--24.0)                       10.0 (5.0--7.8)                          0.93                                              0.19
  Median of TBUT (quartile range), seconds                 6.0 (5.0--8.0)                         9.5 (6.0--12.3)                          \<0.001                                           0.03
  Median of fluorescein staining (quartile range), grade   1.0 (0.75--1.25)                       0 (0--0.25)                              \<0.001                                           \<0.001
  Median of impression cytology (range), grade             1.0 (1:2 to 1:6)                       0.6 (1:2 to 1:4)                         \<0.001                                           \<0.001

**Notes:** Mann-Whitney *U*-test; analysis of covariance for age adjustment;

Student's *t*-test for independent samples;

chi-square test; result significant at *P*\<0.05.

**Abbreviations:** OSDI, ocular surface disease index; SD, standard deviation; TBUT, tear film breakup time.

###### 

Correlation between treatment variables (number of eye drops per day, duration of treatment) and OSDI score, as well as signs and symptoms of dry eye, in the glaucoma-treated group

                                Number of eye drops per day   Duration of treatment            
  ----------------------------- ----------------------------- ----------------------- -------- -------
  OSDI, score                   0.058                         0.61                    −0.165   0.147
  Schirmer test, mm             −0.114                        0.32                    −0.217   0.055
  TBUT, seconds                 −0.278                        0.014                   −0.143   0.208
  Fluorescein staining, grade   0.475                         \<0.001                 0.095    0.406
  Impression cytology, grade    0.164                         0.149                   0.150    0.187

**Note:** *P* significant at *P*\<0.05.

**Abbreviations:** OSDI, ocular surface disease index; TBUT, tear film breakup time; *r*, Spearman's rho correlation coefficient.
